To elucidate any connection between high radon concentrations and low-infiltration houses, we have concurrently measured the 222Rn concentration and the infiltration rate in u.s. houses. Three housing surveys have been undertaken: one in "energy-efficient" houses located throughout the United States and two in "conventional" houses in the San Francisco area and in Haryland.
ABSTRACT
To elucidate any connection between high radon concentrations and low-infiltration houses, we have concurrently measured the 222Rn concentration and the infiltration rate in u.s. houses. Three housing surveys have been undertaken: one in "energy-efficient" houses located throughout the United States and two in "conventional" houses in the San Francisco area and in Haryland.
In each of the groups surveyed, no clear correlation was observed between 222Rn concentrations and infiltration rate, although each parameter varied over a wide range. Infiltration rates for the entire sample, numbering 98 houses, ranged between 0.02 and 1.6 air changes per hour, and radon concentrations ranged fron 0.1 to 27 pCi/1. It appears that the major cause of the observed differences in 222Rn concentration is variation from one house to another in the rate at which 222Rn enters houses from its sources. Under these conditions, the indoor radon concentration will approach where ~is the volumetric source strength (the rate, expressed per unit volume, at which radon enters from indoor materials and from underlyinb soil and rock), I 0 is the outdoor radon concentration, ~vis the ventilation rate, and ~ is a radioactive decay constant. For 222 Rn, ~ is 0.0076 hr-1, much less than a typical value of~. so that I equals ol~v plus 1 0 , which is ordinarily a small additive term.
In our survey, sampling was performed under conditions designed to permit the radon concentration to achieve, as nearly as possible, the steady-state level that would exist if infiltration were the only airexchange mechanism. To approximate this correspondence, occupants were asked to close \·lindo\lS and doors the night before sampling. However, both radon source strength and infiltration rate can vary significantly with changes in weather conditions, so that they cannot be assumed to -4remain constant during the period prior to our neasurer.tents. Such variation ~ust be considered in examining possible correlations between· ~easured radon concentrations and infiltration rates.
Grab samples of radon were obtained in one of two ways in each of the surveys. One technique was to collect grab samples of air in Tedlar 
DISCUSSION
Results fron none of the groups surveyed showed a strong correlation between 22 2Rn concentration and air change rate. If the radon source strength &were constant and identical for each house and only the ventilation rate affected the 222Rn concentrations, the data is each of the figures would fall on a straight line. The scatter in each plot reflects variations in &, a variation that is illustrated by plotting a frequency distribution of source magnitudes for the total of 98 houses, as is done in Figure 4 . Such variations could result fron ter:1poral fluctuations in the radon source, from differences in the nature of the sources from house to house, and from differences in design and construction among the houses. There are no obvious design features, in a~y of these survey groups, that alone account for the differences in source magnitude among these houses. u ,,
-7-For a given source magnitude, the indoor concentration can be expecte~ to depend largely on the ventilation rate. This has been confirmed by intensive measurenents in the energy-efficient house in l~ary land, mentioned above, where ventilation rates were varied usin6 a mechanical ventilation system with an air-to-air heat exchanger, yielding a 222Rn concentration that was inversely proportional to the venti- 
